2 batches of baboon infected with tuberculosis were subjected to serial tests with human and bovine tuberculin, while erythrocyte sedimentation rates were estimated concurrently. In the very early stages most but not all reacted to human tuberculin while fewer responded to bovine material. After further development of the disease, tuberculin tests remained positive while sedimentation rates were raised by 10-30 mm per hour. By the time early spread had occurred response to tuberculin was absent but sedimentation rates tended to increase. Advanced cases were always tuberculin negative but sedimentation rates were in excess of 50 mm per hour. Such animals were always in good physical condition and represented an insidious danger to other animals and staff in contact with them. Clinical examination failed to reveal cases of tuberculosis except in the terminal stages and no cases were diagnosed by radiography_ 2 animals died from apparent
anaphylaxis following inoculation of both types of tuberculin. Results showed that use of one or other of these tests alone would not have made possible the elimination of infection.
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Although tuberculosis (TB) is uncommon in baboons newly-trapped in Africa, it can cause serious problems during the conditioning period in this country since it is particularly pathogenic for simians.
An infected animal is likely to have travelled in close proximity to many others, and then to be kept in an animal house where, unless highly sophisticated facilities are available, spread is bound to occur.
The intradermal palpebral tuberculin test (Schroeder, 1938) has been used in simian primates with varying success but, because it has often failed to reveal tubercular animals, has fallen into disrepute in some circles (Heywood & Hague, 1969; Tribe, 1969; L. C. Greening, personal communication) . Even those workers describing the test as valuable admitted that a proportion of tubercular animals failed to react and the presence of TB was discovered only at necropsy (Ruch, 1959; Hartley, 1969; Valerio et al., 1969) . In later studies with experimentally sensitized animals Snyder & Fox (1973) demonstrated that there was a significant variation in the lower threshold of sensitivity between animals, with no apparent correlation to the amount of sensitizing antigen used. Most authors agree that anergic animals will not react to the test (Ruch, 1959; Valerio et al., 1969; Stones, 1969) . Hence, if an anergic animal with open TB remains in apparent good health there can be little doubt it will actively disseminate infection while remaining undetected. The technique has, however, been widely accepted in Great Britain and the rest of Europe as a useful diagnostic test in the baboon, but this may be because TB is relatively uncommon in this species, hence the validity of the method is rarely challenged.
Nevertheless, Heywood & Hague (1969) found it of little value in these animals.
Our experience has shown that reliance on the technique in baboons can be grossly misleading, even when radiography is used as an adjunct. While proponents of the test may be prepared to accept the obvious drawbacks, those concerned with the supply of conditioned primates for research clearly cannot do so. Heywood & Hague (1969) showed that estimations of erythrocyte sedimentation rates (ESR) would often indicate an infected baboon. This paper describes the eradication of TB from 2 batches of baboons by a combination of tuberculin testing and ESR estimations.
MATERIALS AND METHODS

Animals
Batches of about 50 baboons, imported by air from either Kenya or Ethiopia, were housed in portable self-contained buildings fitted with individual air and water supplies.
Animals were kept singly in galvanised steel cages fitted with wire-mesh floors and fronts, ranged in 2 tiers down both walls of the long axis of the buildings.
Diet consisted of 4lB pellets, fruit, vegetables, bread and eggs. Helminth infestations were treated with levamisole ('Nemicide'; J.C.I., Macclesfield), followed by bephenium hydroxynaphoate ('Alcopar'; Wellcome, Dartford) where hookworm was found to be a problem.
Other clinical conditions apart from TB were treated with a range of pharmaceutical products depending on circumstances.
Animals were identified either with a tattoo mark or the cage was marked with a metal-adherent plastic tag (Tags of Liverpool Ltd, Dalrymple Street, Liverpool, L5 5HB).
Tuberculin
Both human and bovine tuberculin purified protein derivative (PPD) were obtained from the Central Veterinary Laboratory, Weybridge, Surrey. Both types were used diluted 1: 10 in distilled water and final concentrations were 1000 units human and 500 units bovine PPD per 0·1 ml inoculum.
Tuberculin tests
These were done by inoculating 0·1 ml diluted tuberculin into the skin of the upper eyelid thereby inducing a visible bleb. In comparative tests human tuberculin was inoculated into the right eyelid and the bovine preparation into the left. All manipulations which involved handling the animals were done following sedation with phencyclidine hydrochloride ('Sernylan'; Bioceutical Laboratories Inc., St Joseph, Missouri 64502, U.S.A.) but tests were read by inspecting the animals unsedated at 24-hour intervals for the next 3 days. Animals were regarded as reactors when a visible swelling of the eyelid was observed.
Where animals were recorded as negative but were nevertheless killed on account of raised ESR, a further examination of the eyelids was made immediately after death.
ESR estimations
Venous blood was obtained at the time of the TB test from the femoral vein. ESR tests were done using the Sedimat system (Hughes & Hughes, Church Road, Harold Wood, Romford, RM3 OHR). Sequestrene-treated blood was tipped into plastic cups from which it was drawn into Westergren tubes with a vaccuum pump.
Next, tubes were pushed into the apex of the cup and left to stand for 1 h after which tests were read. ESR is expressed as rate of fall in mm per hour.
Diagnosis ofTB
The disease was suspected when abscesses filled with creamy pus were found in cadavers.
Presence of Mycobacterium tuberculosis was confirmed by examination of smears after staining by the Ziehl-Neelsen technique.
Certain isolates were cultured at the Pasteur Institute, Paris, and shown to be of the bovine type. Radiography
Chest radiographs were taken with an 'Oralix Dental' unit (Philips Medical Systems, 45 Nightingale Lane, London, SWl2 8SX) using cassettes measuring 165 x 215mm (6·5 x 8·5 in) fitted with fast screens and medium fast film (Kodak, Hemel Hempstead).
RESULTS
Failure of tuberculin test to reveal tuberculous baboons
A group of 11 baboons known to be harbouring TB was tested at 3-4 week intervals using human PPD.
2 cases of TB were found at the 1st test as a result of killing 4 animals with an ESR in excess of 9 mm/h. 1 had an ESR G. W. TRLBE AND A. E. WELBURN of 59 mm /h and had extensive lesions in the thorax, while the other with an ESR of 17 mm/h had 2 small lesions approximately 1 cm in diameter in the liver. Neither reacted to the tuberculin test. The 2 other animals which were destroyed because of raised ESR also failed to react to the tuberculin test, but they did not have TB. No other cases of the disease were found in the next 3 tests extending over a 77-day period ( Table I) Despite the advanced state of the disease, the carcase was well muscled and there were no outward signs of a serious disease process.
The remainder were tested at 14-day intervals with both bovine and hUlJlan tuberculin and blood was taken simultaneously to determine the ESR. In the 1st test, I animal reacted to both preparations (Table 2) while 2 others responded to the human preparation alone.
All had raised ESR and at necropsy these 3 animals were found to be harbouring TB. In all cases lesions were relatively small, but there was no apparent difference between those in the animal reacting to both tuberculins and those in the 2 animals which responded to human PPD alone.
At the 2nd test an advanced case of TB was discovered with an ESR of 110 mm/h. This animal died within 12 h of inoculation in similar circumstances to one from another batch which also had advanced TH. No reason could be found for the failure of the previous ESR test to detect this case and it was concluded that some technical error was responsible. At At the 4th test 4 animals reacted to both tuberculins and 2 of these had raised ESR. All were infected with TB. An animal which was similarly infected reacted to the human preparation only and the ESR was raised to 19 mm/h. 2 other animals had raised ESR but did not react to either tuberculin, although 1 was infected with TB.
The remaining 3 I animals were subjected to tests at 14-day intervals over a period of 42 days, but no further cases were discovered.
2 animals were killed on account of raised ESR and 1 because it tended to cough occasionally, but at necropsy these were found to be free from the disease.
Analysis of efficiency of tuberculin test and ESR reactions in indicating presence ofTB in baboons
During these investigations 21 animals were killed either because they reacted to the tuberculin test, or ESR were raised, or both. 6 animals which reacted to the tuberculin test also had raised ESR and all had TB. 3 other animals which also had TB reacted to the tuberculin test although ESR were normal, but in each case lesions were at a very early stage of development. A further 11 animals were killed because ESR were raised despite the absence of tuberculin reactions.
3 of these had TB while the remainder were affected by a variety of clinical conditions including chronic enteritis, peritonitis, helminthiasis and cirrhosis of the liver.
Value of clinical examinations and radiography in the diagnosis of TB in baboons
No case described in these investigations was diagnosed by radiography, where extreme difficulty was experienced with lung tissue because of the anatomical conformation of these animals. The chest cavity in the baboon is triangular in shape, the heart is relatively large, the scapulae are both large and dense, and the liver lies weB up under the rib cage. The net result is that most of the lung is obscured.
Only 1 was diagnosed on clinical evidence following the discovery of a purulent subcutaneous abscess in the throat.
All others, including those which died of apparent anaphylaxis following tuberculin tests, showed no physical abnormalities whatsoever.
DISCUSSION
The reason why some diseased animals react to the tuberculin test while similar animals do not is unclear, but is probably associated with individual variations in the immune response.
However, certain points have been clarified in this study. Firstly, although the course of TB is prolonged in baboons, for most of it the animals not only appear to be in good health, but a high proportion do not respond to the tuberculin test. Nevertheless, they can readily infect other animals (and staff). Secondly, the tuberculin reaction seems to be a manifestation of early disease because all cases which reacted had lesions either confined to lymphoid tissue or at a very early stage of development in viscera: animals with more advanced lesions did not react.
Thirdly, it appears that the minimum time between exposure and the development of a single, barely visible lesion, is 4 weeks ( Table 2) . When such lesions have extended somewhat over the subsequent 14 days, there is a good chance of a negative reaction to the tuberculin test.
Consequently it is highly desirable to use additional techniques, particularly to detect anergic animals early in the conditioning period.
There is little doubt that ESR estimations are valuable in detecting chronic disease but, obviously, will not differentiate between TB and other debilitating illnesses. Furthermore, use of this method alone would not diagnose all cases of TB: 3 cases were found where a small lesion induced a positive tuberculin reaction yet ESR values were between 1-3 mm/h. Conversely, 3 other cases which failed to react to the TB test were found to have lesions when they were killed on the basis of raised ESR.
It would seem, therefore, that infected baboons progress through 4 stages before disease is evident clinically.
The 1st is when the bacillus has gained a foothold but has not produced a purulent focus: the animal will be tuberculin negative and the ESR within normal limits. 2nd stage disease consists of a primary purulent focus and the tuberculin test may give a positive reaction yet the ESR will be normal.
3rd stage disease involves lymph glands with or without early visceral lesions, and tuberculin reactions are usually but not always positive while ESR is raised 15-35 mm/h. 4th stage disease cccurs when infection has disseminated through the viscera and tuberculin reactions are invariably negative, but ESR tends to be in excess of 50 mm/h. The fact that human PPD elicited more positive responses than the bovine type almost certainly relates to the amount of tuberculin present in each inoculum.
That 2 baboons (one recorded in Table 2 , the other in earlier tests) with advanced TB died within 12 h of receiving the combined inoculum was unexpected because the syndrome had not previously been observed by us although up to 10 000 units of tuberculin had been injected into rhesus monkeys with advanced disease.
Clearly, a timed observation of events following experimental infection is necessary to provide a proper appreciation of the chronological sequence of events.
Meanwhile, we suggest that where a batch of baboons passes 2 tuberculin tests at 4-week intervals and where ESR remains between 1-10 mm/h, it is highly unlikely that any animal in the group is infected with TB. Con-versely, where TB is detected only a series of tuberculin tests coupled with ESR estimations at 14-day intervals is likely to enable eradication of infection.
